Objective Fibre-optic bronchoscopy with bronchoalveolar lavage (FOB-BAL) is an important tool for diagnosing and selecting treatment for acutely hypoxaemic patients with diffuse lung infiltrates. However, FOB-BAL carries a risk of significant hypoxaemia and subsequent tracheal intubation during and after the procedure. The application of FOB-BAL using a laryngeal mask airway (LMA) in combination with continuous positive airway pressure (CPAP) may minimize the incidence of hypoxaemia; however, the safety and efficacy of this procedure have not been investigated. Methods A retrospective chart review was performed from April to September 2013. Data regarding the recovered volume of BAL fluid, incidence of tracheal intubation within eight hours after the completion of FOB-BAL, respiratory and haemodynamic parameters and treatment modifications were collected for the evaluation. Results Ten trials of FOB-BAL using an LMA and CPAP were performed in nine patients with severe acute hypoxaemia associated with diffuse lung infiltrates. The BAL fluid recovery rate was 56%, and the procedure was completed without subsequent complications. In addition, the percutaneous arterial oxygen saturation decreased to 95.7%±3.8%, although it was never lower than 90.0% during the procedure, and no patients required intubation. Furthermore, the arterial blood pressure significantly but transiently decreased due to sedation, and the procedure yielded diagnostic information in all nine patients. Conclusion FOB-BAL using LMA and CPAP appears to be safe and effective in patients who develop severe acute hypoxaemia.
Introduction
In acutely hypoxaemic patients with diffuse pulmonary infiltrates, it is important to establish the specific cause of pulmonary disease so that appropriate therapy may be provided immediately. Fibre-optic bronchoscopy with bronchoalveolar lavage (FOB-BAL) is an important tool for diagnosing diffuse pulmonary infiltrates (1) . Although FOB-BAL is generally considered to be safe (2) , it is well known that the arterial blood oxygen saturation usually decreases during and/or after the procedure (3) (4) (5) (6) . Therefore, FOB-BAL is contraindicated in non-intubated, severely hypoxaemic patients (7) . Positive end-expiratory pressure ameliorates hypoxaemia by preventing alveolar collapse, although some type of airway management is necessary for its use. While tracheal intubation is the most reliable airway management technique, certain complications may occur during intubation and/or after extubation (8) . Therefore, the development of a strategy other than intubation to prevent hypoxaemic events during FOB-BAL is required.
The laryngeal mask airway (LMA) is a supraglottic airway device that provides an end-to-end airtight seal around the larynx and maintains effective gas exchange (9, 10 ). An advantage of LMA is that it can be blindly inserted without laryngoscopy; thus, cardiovascular responses to the introduction of an LMA are less severe than those induced by tracheal intubation (11, 12) . The LMA technique for both spontaneous and controlled ventilation is reportedly both safe and effective (13) , and a recent study demonstrated that FOB-BAL can be safely and effectively performed with an LMA in immunosuppressed patients with pneumonia and severe hypoxaemia (14) .
In our intensive care unit, FOB-BAL is routinely performed using an LMA in combination with continuous positive airway pressure (CPAP) under light sedation in acutely hypoxaemic patients with diffuse lung infiltrates in order to prevent hypoxaemic events during and after the examination. We subsequently conducted a retrospective case-series study of FOB-BAL to demonstrate its safety and efficacy.
Materials and Methods
A retrospective chart review was performed from April to September 2013. Data were collected for patients with diffuse pulmonary infiltrates who exhibited acute hypoxaemic respiratory failure requiring oxygen therapy or non-invasive positive airway pressure ventilation (NPPV) and who underwent FOB-BAL for diagnostic or therapeutic reasons. Data for demographic variables, the ratio of arterial blood oxygen saturation to the fraction of inspired oxygen under CPAP of 5 cm H2O, Simplified Acute Physiological Score II and underlying diseases were also obtained. NPPV was applied using a ventilator (Respironics V60; Respironics California, Carlsbad, USA) via a full-face mask. Local research ethics committee approval was received for the retrospective review of the patients.
FOB-BAL was performed according to the standard procedures in place at our intensive care unit. Briefly, none of the patients had a contraindication to the insertion of an LMA (15) before undergoing the procedure. One physician was in charge of sedation and haemodynamic management. A flexible fibre-optic bronchoscope (BF-P60; Olympus, Tokyo, Japan), LMA (LMA Supreme; Teleflex Medical, San Diego, USA or i-gel; Intersurgical, Wokingham, Berkshire, UK), topical anaesthetic (4% lidocaine hydrochloride), sedatives (propofol and fentanyl), vasopressor (phenylephrine hydrochloride) and warm sterile 0.9% saline solution for BAL were prepared prior to the examination. A properly sized LMA (size 3 or 4) was chosen for each patient and lubricated with 2% lidocaine gel. The medical team was prepared for tracheal intubation and invasive ventilation while performing the procedure.
An electrocardiogram, non-invasive and/or invasive blood pressure measurements, percutaneous arterial oxygen saturation and respiratory rate were continuously monitored during the procedure. Initially, CPAP was applied via a full-face mask. The positive end-expiratory pressure was set at 5 cm H2O or the pre-bronchoscopy level. The fraction of inspired oxygen was increased to 1.0. Topical anaesthesia was applied to the oral cavity and larynx by thoroughly spraying 4% lidocaine hydrochloride. Sedation was initiated by the incremental administration of a combination of 25 μg of fentanyl and 20 to 30 mg of propofol followed by the infusion of 1 to 3 mg/kg/h of propofol to maintain spontaneous breathing. After confirming the patient's unconsciousness, the LMA was inserted and connected to the ventilator via a swivel connector (Sontek Suction-Safe Swivel Y; Sontek Medical, Hingham, USA). Mechanical ventilation was applied in the spontaneous/timed mode in order to maintain the minute volume in case of suppression of spontaneous breathing secondary to sedation. The bronchoscope was introduced through the swivel connector. After examining the tracheobronchial tree and providing topical anaesthesia, the tip of the bronchoscope was wedged into the subsegmental area with the most severe X-ray abnormalities. The bronchus was instilled with sterile saline (five 20-mL aliquots) and gently aspirated. The obtained fluid was pooled, processed and immediately sent to the laboratory for cytologic and microbiological examinations. The LMA was removed when the patient had completely emerged from anaesthesia and was able to obey commands. After removing the LMA, NPPV was continued with a full-face mask. The fraction of inspired oxygen was gradually decreased to the prebronchoscopy level. Patients who did not require NPPV before the examination were switched back to conventional oxygen therapy.
The rate of intubation within eight hours after the completion of FOB-BAL and the changes in the respiratory rate, mean arterial pressure and heart rate just before sedation, during FOB-BAL and one hour after FOB-BAL were recorded and compared. The lowest arterial blood oxygen saturation noted during the procedure was recorded, and the volume of BAL aspirated was documented as a percentage of the instilled aliquot. Treatment modifications based on the BAL analysis were also evaluated.
The results are expressed as the mean ± standard deviation (95% confidence interval). An analysis of variance was used to compare respiratory and haemodynamic parameters obtained just before sedation and during and after the FOB-BAL procedure. A p value of <0.05 was considered to be statistically significant.
Results
Data for 14 cases of FOB were collected during the study period. Ten FOB-BAL procedures using an LMA and CPAP were performed in nine consecutive patients. The characteristics of the patients are shown in Table 1 . Eight patients (89%) received immunosuppressive therapy for renal transplantation (n=5), rheumatoid arthritis (n=2) and rapidly progressive glomerulonephritis (n=1). The mean ratio of arterial 6.7 ± 1.3 (5.4-8.0) The data are presented as the mean ± standard deviation (95% confidence interval) or n (%). No patients required tracheal intubation within eight hours after FOB-BAL. Only one patient was intubated three days after FOB due to progression of the underlying disease.
The procedure was completed without subsequent complications in all cases. The cardiorespiratory parameters obtained just before sedation, during FOB-BAL and one hour after FOB-BAL are shown in Figure. The changes in the respiratory rate and heart rate induced by the procedure did not reach statistical significance. In contrast, the mean arterial blood pressure during the procedure significantly decreased. However, the haemodynamic changes were modest and transient, with the use of phenylephrine hydrochloride. The mean arterial oxygen saturation was 95.7%±3.8% (93.0%-98.4%), and no patients exhibited an arterial blood oxygen saturation of <90.0% during the procedure. Two patients were switched back to oxygen therapy after the procedure. No other adverse events were noted, such as laryngospasms, coughing, haemorrhage, arrhythmia or pneumothorax.
The results of FOB-BAL are shown in Table 2 . The mean percentage volume of recovered BAL fluid was 56.1%± 11.1% (48.1-64.0%). The procedure yielded diagnostic information for nine patients (90%). Pneumocystis pneumonia was diagnosed in eight patients, and acute exacerbation of collagen vascular disease-associated interstitial pneumonia was diagnosed in one case. Treatment was modified in nine procedures based on the results of the BAL analysis (90%).
Discussion
In this study, we found that FOB-BAL using an LMA and CPAP prevented hypoxaemic events and major complications, including tracheal intubation, and contributed to treatment modification, suggesting that this technique is safe and effective in patients with severe acute hypoxaemia and diffuse lung infiltrates. The procedure was well tolerated in all patients. This is the first study to assess the feasibility of FOB-BAL using an LMA in combination with CPAP under light sedation.
The occurrence of hypoxaemia during FOB has been reported in several studies (3, 4, 6) . Such hypoxaemia may be caused by partial airway obstruction induced by the bronchoscope, airway suction, anaesthetics or presence of lavage fluid in the alveoli (4, 16) . Mechanical ventilation with airway management must be performed in patients undergoing FOB-BAL to ameliorate hypoxaemia and maintain adequate gas exchange during the procedure, and tracheal intubation is the most reliable method for achieving these goals. However, various complications may occur, such as cardiovascular responses to tracheal intubation, with subsequent vocal dysfunction and/or laryngeal disorders after extubation (8, 17, 18 ). In the current study, the arterial blood oxygen saturation was maintained above 91% in all patients.
NPPV delivers positive pressure without the use of an artificial airway and is a safe and effective method for ameliorating hypoxaemia in patients with acute respiratory failure (19, 20) . The feasibility and safety of NPPV using a full-face mask for FOB-BAL has been reported in previous studies (5, (21) (22) (23) (24) (25) (26) (27) (28) . However, in the majority of these studies, bronchoscopy was performed with only topical anaesthesia (5, 22-24, 26, 27) , and essential problems included low tolerance to mask fitting and FOB-BAL in conscious patients. Patient agitation may lead to desaturation and possibly compromise the success of the FOB-BAL procedure (25) . One previous study described the difficulties in performing bronchoscopy without sedation, with analgosedation used in all patients (14) . LMAs provide upper airway patency even in cases of deep sedation or general anaesthesia, which subsequently ensures excellent visualization of the vocal cords, glottis and trachea without decreasing the airway diameter as do tracheal tubes, thus avoiding increases in airway resistance (9, 10, (29) (30) (31) . In our procedure, the use of appropriate sedation and positive pressure ventilation with an LMA helped to yield diagnostic information by allowing for the recovery of a sufficient volume of bronchoalveolar lavage fluid (BALF).
It is important to minimize the cardiorespiratory response 56.1 ± 11.1 (48.1-64.0) Diagnostic yield of FOB-BAL 9 (90%) The data are presented as the mean ± standard deviation (95% confidence interval) or n (%). FOB-BAL: fibre-optic bronchoscopy with bronchoalveolar lavage during the procedure in severely hypoxaemic patients, and inducing coughing is critical in subjects on long-term steroid therapy. In our strategy, the application of topical anaesthesia to the oral cavity followed by the maintenance of anaesthesia using propofol and fentanyl resulted in better tolerance of FOB. The administration of propofol enables the level of sedation to be adjusted, with rapid elimination of the drug. The majority of previous studies have used this medication to both insert the LMA (15, 32) and perform FOB (9, 14, 21, 25, 33) . Fentanyl is a strong analgesic and antitussive that can be employed to reduce the amount of propofol required. In general, the amount of anaesthetics or analgesics needed to establish an LMA is less than that required for tracheal intubation. Recent studies have also demonstrated the occurrence of alveolar hypoventilation, as estimated by an increase in the partial pressure of carbon dioxide, during FOB under sedation (21, 34) . In our procedure, mechanical ventilation is immediately applied to maintain the appropriate minute volume if the sedatives suppress the patient's spontaneous breathing. Furthermore, the mean percentage of BALF volume recovered was higher in this report than in previous studies involving the use of NPPVassisted FOB-BAL (21, 25, 28) . Positive pressure ventilation may allow for a sufficient volume of BALF to be recovered, thus providing diagnostic information.
Our procedure is associated with some limitations. It should be emphasized that well-trained physicians are needed to perform both bronchoscopy and anaesthesia, and the procedure should be carried out in the intensive care unit in order to allow for close monitoring. Therefore, our results may not be generalizable to other settings. In addition, this was a retrospective observational study, and the sample size was small. Although we included patients consecutively during the study period, the background characteristics of the patients were biased. Furthermore, the use of blood gas analyses under CPAP of 5 cm H2O may reflect a higher ratio of arterial blood oxygen tension to the fraction of inspired oxygen before FOB-BAL compared to that seen in previous studies. A prospective study is therefore warranted to confirm the advantages of LMA over tracheal intubation under the same conditions.
In conclusion, the use of LMA in combination with CPAP under light sedation can be used to provide a safe and effective FOB-BAL procedure in patients with severe acute hypoxaemic respiratory failure.
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